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COMPOUNDS IN THE BINARY PHASE DIAGRAMS OF 
THE MONOVALENT CHLORIDES WITH THE 

MULTIVALENT CHLORIDES 

by 

R. Gut, E. Iberson, and D. M. Gruen 

INTRODUCTION 

The phase-diagram l i terature was surveyed to the end of I960. In­
formation about the binary systems of monovalent with multivalent chlo­
rides was observed. Compounds of double chlorides occurring in these 
systems are listed in tabular form together with the available s t ructura l 
information. 

A key to the abbreviations used in these tables is to be found on 
page 12. 
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P475, compd, decomposes in solid state 
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1-548, compd. decomposes in solid state 
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1-370, compd. decomposes in solid state 

1-370, compd, decomposes in solid state 

Quadratic coordination? 

Mag. susc.'^' 

Spectra of crystal and solutions 
472- separate determination of mp 
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special 
aqua. 

cone. 
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Stable above 70°C, crystallize from hot H2O 

I* 444, compd. decomposes In solid slate 

isotype CsNiCi3 

isotype CsNiCi3 

Isotype CsNiCl3 

Isotype CsNICi3 

Isotype CsNiCl3 

Isotype CsNiCi3 

1-270, compd. decomposes in solid state 

730-separate determination of mp 

lytag. Susc.'^' two unpaired electrons Kz - 6 





V
al

en
cy

 o
f 

C
en

tr
al

 
Io

n
 

Compound 

M
el

ti
n

g
 

a,
 

O
C 

Crystal Data 

C
om

pl
et

e 
o

r 
In

co
m

p
le

te
 

C
ry

st
al

 
C

la
ss

 

S
pa

ce
 

G
ro

up
 

P
re

p
ar

at
io

n
 

Literature 

P
ha

se
 

D
ia

gr
am

 

C
ry

st
al

 
S

tr
u

c
tu

re
 

P
re

p
ar

at
io

n
 

Remarks 

Me2NH2NICi3 

IMe3NHINiCl3 

lf^4N)NiCi3 

PrNH3NiCl3 

BUNH3NICI3 

CsCuCi3 

KCuCi3 

IN2H;lZnCl3 

CsSrCl3 

RbSrCi3 

TiSrCl3 

CsCdCl3 

RbCdCl3 

K.CdCl3 

LICdCl3C^H20 

TICdCl3 

NH4CdCl3 

IN2H5lCdCl3 

CsSnCl3 

RbSnCl3 

KSnClj 

TISnCl3 

NH4SnCl3H20 

N2H5SnCl3 

CsHgCl3 

KHgCi3 

NaHgCl3 

TiHgCl3 

NH4HgCl3 

N2H5HgCi3 

CsPbCl3 

RbPbCl3 

TIPbCl3 

K2Hg3Cig 

(NH4l2Hg3Cij 

TIIWg2Cl5 

NaMn2CI; 

CsZn2Cl5 

RbZn2Cl3 

KZn2Cls 

TIZn2Cl5 

NH4Zn2Ci5 

KSr2Ci5 

NH4Cd2Cl5 

CsSn2Ci5 

RbSn2Cl3 

KSn2Cl5 

CsHg2Cl5 

C 907 

C 705 

I 569 

C 545 

C 466 

C 431 

C 426 

I 289 

C 270 

C 228 

C 224 

C 244 

C 224 

I 272 

157 

C 590 

C 440 

I 397 

I 199 

I 499 

I 441 

C 294 

C 306 

C 274 

I 260 

C 250 

C 638 

C 366 

I 224 

C 231 

C 208 

P6i2 

P2i/C 

P2l/m 
Pm3m? 

Pnma 

Pnma 

P2i/m 

Pm3m 

EtOH 

EtOH 

EtOH 

acid 

EtOH 

from 
HAc 

aq 

EtOH 

CCI4 
EtOH 

441- mp separately determined 

Above 490cf2<l 
Below 49OC1231 





va
le

n
cy

 o
f 

C
en

tr
al

 I
o

n
 

Compound 

M
e
lti

n
g

 P
t.,

 
O

C 

Crystal Data 

C
om

pl
et

e
 o

r 
In

co
m

p
le

te
 

C
ry

st
a
l 

C
la

ss
 

S
pa

ce
 

G
ro

u
p
 

P
re

p
a
ra

tio
n
 

Literature 

P
ha

se
 

D
ia

gr
am

 

C
ry

st
a

l 
S

tr
u

c
tu

re
 

P
re

p
a
ra

tio
n
 

Remarks 

KHg2Clj 

NaHg2Cl3 

NH4Hg2Ci5 

CsPt2Clj 

RbPb2Cl5 

KPb2Cl5 

TiPb2Ci5 

NH4Pt2Cl5 

CsMg3Cl7 

KSn3Ci; 

CsMn4Clq 

NH4Hg9Cln 

CsHg^Clii 

RbNgjCiu 

KHgjCi,; 

NaCICaCl2 
mixed Xstais 

LICI-MhCI; 

mixed Xstals 

{EtNH3l4FeCi7 

IMe2NK2l4FeCl7 

IPrNH3l4FeCi7 

C 423 

C 440 

C 427 

I 565 

C 208 

I 537 

I 235 

117° 

480 

118° 

special 

melt 

melt 

Prep uses EtOAc and NaHgCIs 

CS3ScCij 

CS3TiCl4 

Rb3TiCij 

K3TiCls 

Na3TICi( 

K3VCI6 

Na3VCig 

K3CrCi4 

Na3CrCl5 

KjMoCij 

(NH4l3MoCij 

Na3RhCi5 

CS3lnClj 

Rb3lnCl4 

CS3laClg 

KjLaCij 

CS3CeClg 

K3CeCI( 

CS3NdCi( 

K3NdCI( 

K3lrClj 

Rb3TICi( 

TI3TICI6 

Tl3BiCls 

Rb3UCl6 

K3PUCIJ 

L7BI3CI1J 

K2TICi; 

CS2VCI5 

Rb2VCi5 

C 815 

C 770 

C 794 

C 760 

1555 

C 745 

C 535 

C 836 

C 620 

cone 
HCl 

C 777 

C 625 

C SW 

C 628 

C 813 

C 682 

C 413 

C 775 

C 685 

cone 
HCl 

From Rh, NaCl and CCI4 at 500OC 
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Grown over solid melt 

Grown over solid melt 

Rhombohedral. From BCI3 and CsCI at elevated temp, 

and pressure 
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INH4lFeCl4 
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Fresh prepared 
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I- 532, Compd. decomposes in solid state 
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fm3m 

Fm3m 

Fm3m 

aq 

aq 

MeOH 

McOH 

PD 

PD 

PD 

76 

77 

78 

78 

78 

78 

78 

78 

78 

78 

72 

75 

185 

185 
76 

77 

78 

78 

78 

78 

78 

78 

78 

78 

72 

R ' Me, Et, nPr, Iso-Pr., nButyl, 
isobutyl, isoamyl, pyridinium, 
MePy, MegPy, Me3Py, isoquinoline 
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Remarks 

w 

_ 

INH4)2lrCij 

CS2PtClj 

RbjPtClj 

K2RCI4 

INH4l2PtCi5 

INH3CH3l2PtCi6 

(NICH3l4)2PtCl5 

INH3(C2H5l2)zPtCl6 

Tl2PtCij 

CS2PbCij 

Rb2PbCl5 

INH4l2PbCij 

CS2ThCij 

K2ThCij 

Na2ThCi5 

CS2UCi5 

K2UCI5 

Na2UCIj 

LijUCij 

INICH3l4l2UCij 

INIC2H5l4l2UCij 

CS2PuCI^ 

INICH3l4l2PuCij 

INIC2H5I4I2PUCIJ 

CS2501tRb244» 
R C I J 

CS2PlCi.50* 
CS2TeCi65« 

ItoZrClj 

NH4PbCl5 

CsThCi; 

KThCI; 

NaThClj 

KUCI5 

Na3Zr4Cli, 

f(aZr2CI, 

CSU2CI9 

KU3Cii3 

CsNbClj 

RbNbCi^ 

KNbCig 

NaNbCij 

NH4NbCi( 

CsTaCij 

RbTaClj 

I 573 

I 406 

C 360 

C 680 

C 655 

C 440 

C 420 

C 330 

C 490 

C 428 

I 370 

I 360 

I 380 

I 317 

I 390 

I 390 

C 528 

I 360 

C 400 

I 458 

I 272 

C 555 

C 416 

in 

Co 

Co 

Co 

Co 

In 

Co 

In 

Co 

Co 

Co 

Co 

Co 

In 

In 

Co 

In 

In 

Cub 

Cub 

Cub 

Cub 

Cub 

Hex 

Cub 

Cub 

Cub 

Cub 

Cub 

Hex 

Hex 

Cub 

Orth 
Cu 

Hex 

Cu 

Orth 
Cub 

Cub 

Cub 

Fm3m 

Fm3m 

Fm3m 

Fm3m 

Fm3m 

R3m 

Fm3m 

D3ml 

Fm3m 

Fm3m 

Fm3m 

C3m 

C3ra 

Fm3m 

Fmmm 
Fm3m 

C3m 

Fm3m 

Fmmm 
Fm3m 

Fm3m 

Fm3m 

aq 

aq 

aq 

aq 

aq 

aq 

aq 

aq 

aq 

aq 

aq 

aq 

PO 

PD 

PD 

aq 

aq 

aq 

aq 

aq 

aq 

PD 

spec 

aq 

PD 

PD 

PD 

PD 

PD 

PD 

PD 

PD 

PO 

PD 

PD 

PD 

207 

207 

207 

152 

152 

155 

149 

207 

207 

207 

142 

155 

150 

142 

142 

153 

153 

153 

153 

154 

153 

153 

91 

72 
79/92 

72 
79 
92 

72 
93 
94 

72 

81 

95 

85 

72 

72 
79 

72 
79 

79 

97 

97 

98 

98 

99 

98 

98 

% 
92 

91 

72 
79/92 

72 
79 
92 

72 
93 
94 

72 

81 

95 

85 

72 

72 
79 

72 
79 

79 

152 

152 

154 

98 

98 

99 

98 

98 

96 

•92 

149 

191 

190 

142 

155 

150 

142 

142 

153 

153 

153 

153 

154 

153 

153 

Below 94''C 
Above 94OC 

Below 97''C 
Above 97°C 

Compi. Misc. 

Compi. Misc. 

From PbCl4andNH4Ci 
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Remarks 

I KTaClj 

NaTaCI^ 

LITaClj 

NH4TaCi5 

CS4FeSbCli2 

Rb4FeSbCii2 

K4FeSbCli2 

(NH4l4FeSbClj2 

(NH4l4lnSbCli2 

INH4)4TISbCI]2 

I 420 

I 470 

I 350 

C 304 

In 

In 

In 

In 

In 

In 

Cub 

Cub 

Cub 

Cub 
Tet 

Cub 

Cub 

P4/mmm 

PD 

PD 

PD 

PO 

aq 

aq 

aq 

aq 

aq 

aq 

153 

153 

153 

154 

87 

87 

87 

87 

87 

87 

153 

153 

153 

154 

fresh prep. 
Aged 

Remarks: 

The compounds are listed according to 

a) valency; 

b) formula type, in the general order AxByClg. A > B to A < B; 

c) atomic number of the central ion (within each formula type); 

d) in the order Cs, Rb, K, Na, Li, Tl, NH4, substituted amines, 
o thers ; 

e) compounds with the ion AuCl | ' or M^-^^bClfJ are listed together. 

Abbreviations: 

Structure data 

PD Phase Diagram 

I Incongruent melting 

C Congruent melting 

Incomplete • 

Complete -

Monoclinic 

Orthorhombic 

Tet Tetragonal 

Hex Hexagonal 

Cub Cubic 

aq From aqueous (or acidified) solution 

H2O Anhydrous compound can be obtained by heating or dehydration 
under vacuum 

In 

Co 

Mon 

Orth 
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